Allergic rhinitis, rhinosinusitis, and asthma are frequently comorbid conditions, and this association has been recognized since the early 1900s. Recent studies have strengthened the concept that allergic rhinitis, rhinosinusitis, and asthma are manifestations of an inflammatory process within a continuous airway. Although the key component of this concept is inflammation, various additional mechanisms that link the upper (nose, sinuses, larynx, pharynx, and trachea) and lower (bronchi and lungs) airway segments are possible and not yet completely understood. Still, the integrated airway hypothesisoften referred to as the united airway disease, the chronic respiratory inflammation syndrome, 3 or rhinosinobronchitisis widely appreciated and is supported by findings from numerous studies. [3] [4] [5] [6] If validated, the integrated airway hypothesis might have significant clinical implications for the management of patients with allergic rhinitis or asthma. The purpose of this article is to review the data that suggest a link between upper (e.g., allergic rhinitis, rhino-sinusitis) and lower airway (e.g., asthma) disorders.
ss Burden of Allergic Rhinitis, Asthma, and Rhinosinusitis
A relationship between allergic rhinitis, rhinosinusitis, and asthma is a relevant issue because of the prevalence of these diseases and the impact their symptoms have on direct and indirect health care costs.
Although allergic rhinitis is frequently regarded as a nuisance illness, it is, in fact, associated with substantial morbidity and health care costs. Allergic rhinitis affects more than 50 million Americans, and the result is 9 million physician office visits each year. 1, 7, 8 In the year 2000, more than $6 billion was spent on prescription medications alone. 8 Blanc et al. 9 found that, over a 12-month period, the proportion of study patients with rhinitis who sought medical attention at emergency departments or urgent care centers (38%) was similar to that for patients with asthma (37%).
ABSTRACT OBJECTIVE: To review data supporting the integrated airway hypothesis. Allergic rhinitis, rhinosinusitis, and asthma are common conditions associated with significant morbidity and health care costs. A theory has been developed suggesting that these conditions may be manifestations of an inflammatory process within a continuous airway rather than fully separate diseases. Based on this theory, the presence of upper airway symptoms may negatively influence the natural course of lower airway disease. Controlling upper airway inflammation and symptoms among asthma patients may help improve health and economic outcomes.
SUMMARY: Further clarifying and understanding the relationship between diseases of the upper and lower respiratory tracts is important because of the prevalence of allergic rhinitis, rhinosinusitis, and asthma and the resulting burden on patients and the health care system. Recent progress in understanding the biology of airway disease has identified inflammation as playing a critical and integrating role in these diseases; however, other important questions remain, including factors that determine the clinical phenotype in allergic airway disorders and optimal treatment approaches.
Indirect costs of allergic rhinitis include lost work productivity, reduced performance and learning, and increased traffic accidents. 10 Certainly, the effects of rhinitis symptoms have an effect on work productivity and performance; however, the actual impact is difficult to determine because most studies addressing this issue utilize a methodology in which patients self-report the diagnosis, severity of symptoms, work status, and impact on productivity and performance. For example, in the Blanc study, 9 which involved random-digit telephone dialing to recruit patients, approximately 70% of patients selfreported their symptoms/condition as being moderate or severe. Patients with asthma had a lower rate of employment than did those with rhinitis (88% versus 97%, respectively; P = .002), but self-reported absentee rates attributed to the respective conditions were similar among patients with asthma and rhinitis. Approximately 1 in 4 self-reported 1 or more partial or complete lost work days within the preceding month.
Productivity estimates from a National Health Interview Survey 11 indicated that absenteeism and reduced productivity resulting from symptoms of allergic rhinitis total more than $600 million. Although rhinitis symptoms have a significant effect on work performance and productivity, the side effects of sedating antihistamines have a more pronounced effect. Additional at-work productivity losses of nearly $5 billion resulted from the effects of sedating antihistamines.
Asthma affects approximately 20.3 million Americans and, in 2000, accounted for 9.3 million physician office visits, 1 million hospital outpatient visits, 1.8 million emergency room visits, and 478,000 hospitalizations. 1, 12 As is the case for allergic rhinitis, asthma is associated with substantial morbidity. In recent surveys, 84% of patients admit that asthma has had a negative impact on their lives, 13 and 30% of patients with asthma report nighttime awakening with breathing problems at least once a week. Overall, 14.5 million lost work days and 14 million lost school days each year have been attributed to asthma 1 , and patients with asthma have had, on average, 75% more sick days compared with the general population.
14 Unlike allergic rhinitis, however, asthma exacerbations can be lethal. In 2000, asthma led to the death of approximately 4,500 patients. 1 Recent estimates of the health care costs associated with asthma total nearly $14 billion per year, with more than $9.4 billion attributable to direct costs and more than $4.6 billion to indirect costs. 1 In a recent analysis of claims data, 15 the direct costs of treating one or more comorbid respiratory diseases was greater than the direct costs of treating allergic rhinitis or asthma alone. Total direct costs (outpatient, inpatient, emergency room, pharmacy) for patients with allergic rhinitis alone were $287 an episode. Patients in this database had an average of 1.2 episodes a year, with annual costs averaging $344. In contrast, costs for patients with allergic rhinitis and concomitant asthma were more than 50% higher ($436 per episode, or $523 annually). Higher total costs for patients who had concomitant allergic rhinitis and rhinosinusitis were also greater as compared with patients with allergic rhinitis alone ($334 per episode). In each of these cases, the cost drivers were outpatient and pharmacy charges.
Because standard diagnostic criteria are lacking, the true prevalence of acute rhinosinusitis is unknown, but sinusitis is considered one of the 10 most common diagnoses in the ambulatory setting, accounting for $3.9 billion in total health care costs in the United States in 1996. 16 An estimated 1 billion cases of viral respiratory infections occur each year in the United States. 17 Although approximately 90% of these cases will have evidence of sinus involvement, 16, 17 the vast majority represent self-limiting viral infections. Secondary bacterial infections are believed to complicate approximately 0.5% to 2% of viral respiratory infections, resulting in up to 20 million cases of acute bacterial rhinosinusitis.
16
Prevalence of Concomitant Allergic Rhinitis, Asthma, and Sinusitis Several cross-sectional studies have demonstrated that allergic rhinitis, asthma, and rhinosinusitis frequently coexist, despite methodologic limitations such as lack of precise, standardized criteria for diagnosis of rhinitis; differentiation between allergic and nonallergic rhinitis; and consistency in using biologic criteria (e.g., skin tests). [18] [19] [20] Up to 40% of patients with allergic rhinitis suffer from asthma, which is considerably higher than the 5% to 10% prevalence of asthma in the general population. The prevalence of allergic rhinitis among patients with asthma is as high as 90%-when rigorous diagnostic criteria for rhinitis are used 4, 21, 22 -which is significantly higher than the 20% prevalence rate in the general population. 23 Radiographic studies conducted over the past few decades have shown that 40% to 60% of patients (children and adults) with asthma have abnormal sinus radiographs, 4 and in patients with moderate or severe asthma, the magnitude of sinus symptoms and computed tomographic scan abnormalities is greater than in those individuals with mild asthma. 24 In a recent analysis of medical claims data, 15 it was noted that approximately 18% of patients with rhinitis had concomitant asthma, and nearly 40% of patients with asthma had concomitant rhinitis. Allergic rhinitis also may be a contributing factor in 25% to 30% of patients with acute maxillary sinusitis and in as many as 60% to 80% of patients with chronic sinusitis. 19 At the least, allergic rhinitis is associated with, and probably a predisposing factor in the development of, rhinosinusitis. 25 In a recent analysis of medical claims data, 15 26% of patients with sinusitis had concomitant allergic rhinitis and 11% of patients with sinusitis had concomitant asthma.
Longitudinal studies consistently indicate a relationship between allergic rhinitis and asthma-patients with allergic rhinitis have a 3-fold higher risk of developing asthma later in life. 22, 26 In general, the more persistent and severe the rhinitis, the more likely the association with asthma. 26 Although asthma frequently occurs concomitantly in many patients with sinusitis, the association is most likely attributable to the relationship between rhinitis and asthma, but formal population studies have not evaluated sinusitis as an independent risk factor for asthma.
Although prevalence studies provide valuable information on the frequency of allergic rhinitis, rhinosinusitis, and asthma (as comorbid conditions) and the temporal relationship between them, these studies cannot validate or refute the integrated airway hypothesis. Nevertheless, population studies indicate that the relationship between upper and lower airway disorders is more than coincidence alone.
Links Between Allergic Rhinitis, Rhinosinusitis, and Asthma
There are many common anatomic pathophysiologic features between upper and lower airway disorders, primarily in histology and immunology. Examples of common anatomic features include ciliated columnar cell epithelial lining, mucinous glands, vasculature, and innervation. Regarding pathophysiology, both asthma and allergic rhinitis exhibit a similar early allergic response characterized by vasodilation and increased vascular permeability and mucus production. Upper and lower airway disorders also exhibit similar characteristics of chronic inflammation, including infiltration of leukocytes, and the involvement of eosinophils, lymphocytes, macrophages, mast cells, cytokines, leukotrienes, and other inflammatory mediators. 27 The anatomic connection between the upper and lower airways suggests a possible role of nasal drippings in eliciting bronchial hyperreactivity in patients with allergic rhinitis or rhinosinusitis. 28 In one study, radiolabeled aerosol used to deliver allergen intranasally could not be detected in the lower airways, suggesting that allergen deposited in the upper airways did not seed the lower airways. However, allergens and inflammatory mediators may be absorbed systemically from the nasal mucosa and affect the lower airways. 29 An early study 30 investigating the integrated airway hypothesis suggested a nasobronchial reflex arc as a potential mechanism linking upper and lower airway disorders. Based on this hypothesis, nasal allergen challenge affects bronchial hyperresponsiveness through a reflex arc that involves trigeminal afferents and vagal efferents. Most of the studies evaluating the existence and role of a nasobronchial reflex arc were not able to demonstrate changes in lower airway hyperresponsiveness (forced expiratory volume in 1 second [FEV1], response to methacholine) following allergen challenge to the upper airways. But, when patients with allergic rhinitis and mild asthma were studied, allergen challenge to the nasal mucosa resulted in bronchial hyperresponsiveness in approximately 20% to 30% of subjects.
Another potential mechanism linking allergic rhinitis, rhinosinusitis, and asthma is a systemic inflammatory response that occurs following local allergen challenge. Inflammation is a common component of the allergic response for both allergic rhinitis and asthma, and inflammation has been clearly demonstrated in experimental models involving nasal and bronchial allergen challenge. 31 Furthermore, eosinophils and mast cells play a key role in both allergic rhinitis and asthma. [32] [33] [34] [35] Several studies have documented the presence of eosinophils in the upper airways of asthmatics without nasal symptoms and in the lower airways of patients with allergic rhinitis who do not exhibit bronchial hyperreactivity or other signs of asthma. [36] [37] [38] Gaga et al. 37 compared the presence of eosinophils in nasal mucosal biopsies obtained from patients with comorbid asthma and allergic rhinitis, asthma without allergic rhinitis, and healthy subjects. The number of eosinophils in nasal biopsies from patients with asthma was approximately 4-fold higher compared with those from healthy subjects (P<.01). There was no statistically significant difference in the number of eosinophils between the 2 groups of asthmatics. Bronchial biopsies also were obtained from some patients with asthma, and there was a strong correlation between the number of eosinophils in nasal and bronchial samples (r = .851, P<.001).
In a study by Braunstahl et al., 38 patients with grass polleninduced allergic rhinitis but without a history of asthma underwent segmental endobronchial allergen challenge with grass pollen. At the time of allergen challenge, study participants had a normal FEV1 and a PC20 methacholine of >8 g/mL, confirming that asthma was not present in these patients. Endobronchial and nasal mucosal biopsies were obtained at baseline and 24 hours after allergen challenge. Within 24 hours, the number of eosinophils in nasal mucosal biopsies increased approximately 2-fold following allergen challenge (P>0.05). Using a visual analog scale, the investigators also demonstrated an increase in pulmonary and nasal symptoms during the follow-up assessment. The investigators concluded that the inflammatory response following allergen challenge is not restricted to a local effect. However, it is important to note that the number of eosinophils recruited at the site of allergen challenge was approximately 20-fold higher in bronchial samples compared with nasal mucosal samples.
However, the common finding of eosinophils in upper and lower airways following local allergen challenge is insufficient, in itself, to explain the connection between asthma and allergic rhinitis. Polosa et al. 39 observed patients with allergic rhinitis who underwent bronchial challenge with methacholine and adenosine monophosphate to assess bronchial hyperresponsiveness and inflammatory response. Although patients with allergic rhinitis had an increased number of eosinophils in induced sputum following challenge compared with nonallergic controls, sputum eosinophilia was not associated with bronchial response (i.e., hyperresponsiveness) to methacholine.
Despite the strong correlation between allergic rhinitis and asthma, some patients with allergic rhinitis never develop asthma (and vice versa), and the reasons for this are still unclear. Although nonspecific subclinical bronchial hyperreactivity is common in many patients with allergic rhinitis 26, [40] [41] [42] it is not known what causes certain patients to progress to clinically apparent asthma over time. The appearance of asthma symptoms may depend on the extent of allergen exposure (e.g., amount, duration); therefore, patients with allergic rhinitis but without clinically apparent asthma may require a greater extent of allergen exposure to elicit overt signs and symptoms of asthma. The mechanism of bronchoconstriction in patients with asthma also may be different from that in patients with allergic rhinitis. In one study, 43 17 patients (8 with allergic rhinitis alone and 9 with mild asthma alone) underwent methacholine and allergen inhalation challenges. Bronchoalveolar lavage and bronchial biopsy were performed prior to and after allergen challenge. The investigators demonstrated that the inflammatory response to inhaled allergen challenge in the bronchi of patients with allergic rhinitis was similar to that of patients with asthma. However, an important finding from this study was that the methacholine dose required to elicit bronchoconstriction was significantly lower in patients with asthma than in patients with allergic rhinitis, which suggests a different mechanism for bronchoconstriction.
Therapeutic Implications
Although allergic rhinitis, rhinosinusitis, and asthma have historically been regarded and treated as distinct disorders, observational data suggest that controlling nasal symptoms often substantially improves asthma symptoms and health care resource utilization. [44] [45] [46] [47] [48] Similarly, failing to reduce inflammation in the upper airways may lead to suboptimal results in asthma treatment. 7 However, determining whether these disorders truly influence the natural course of each other or whether the treatments influence a common underlying pathogenic mechanism is more difficult.
The data are compelling that controlling nasal symptoms with intranasal steroids improves asthma symptoms and nonspecific bronchial hyperreactivity. 4, 33, [49] [50] [51] [52] In fact, intranasal administration of beclomethasone to patients with allergic rhinitis has been shown to have a more pronounced effect on bronchial hyperresponsiveness compared with a similar dose administered via oral inhalation. 51 Patients included in this study had no prior history of asthma, a normal physical examination, and normal spirometry findings; however, they all had bronchial hyperresponsiveness to inhaled carbachol. 51 In another study, nasal and chest symptoms were assessed in patients with seasonal allergic rhinitis and asthma following treatment with intranasal steroids, cromolyn, or placebo. 48 Rhinitis scores in patients improved with active treatment, and asthma symptoms were virtually eliminated in the groups receiving intranasal steroids but less among those receiving cromolyn and least in placebo-treated subjects. 48 Additionally, Watson et al. 52 reported that bronchial hyperresponsiveness to methacholine was significantly reduced in patients with perennial allergic rhinitis and asthma following treatment with intranasal steroids but not following intranasal placebo. More importantly, the investigators also performed a radiolabeled deposition study of intranasal steroid administration and found that less than 2% was deposited in the chest area. These results suggest that the improvement in asthma symptoms was the result of improved nasal function or reduced nasal inflammation and not a direct effect of the intranasally administered corticosteroid on the lower airways.
Until recently, there has been limited information on the clinical relevance of controlling nasal symptoms in patients with asthma. Two recent observational studies evaluated the effects of treating allergic rhinitis (in patients with allergic rhinitis and asthma) on emergency department visits or hospitalizations for asthma. 44, 45 The study by Adams et al. 44 was a retrospective cohort analysis involving members of a large managed care organization. More than 13,800 patients with a diagnosis of asthma (children and adults) were tracked for 3 years. Patients with asthma who received nasal steroids had a 30% lower risk of asthma-related emergency department visits compared with those who did not receive such treatment. This finding was consistent among children and adults and was independent of the use of oral inhaled steroids for controlling asthma. 44 In this study, the investigators observed that daily treatment for allergic rhinitis was not necessary to observe a benefit for asthma outcomes. Patients who received 3 inhaled nasal steroid prescriptions per year had a 50% lower risk of asthma-related emergency department visits compared with 30% for those who received at least 1 prescription per year.
Crystal-Peters et al. 45 similarly employed a retrospective cohort design to evaluate the effects of treatments for allergic rhinitis on asthma-related health care resource utilization. In this analysis, the risk of an acute asthma-related event (emergency department visit or hospitalization) was approximately 50% lower for patients treated with nasal steroids or oral antihistamines compared with those who did not receive these treatments. In this study, patients who received treatment for allergic rhinitis also received a significantly higher number of medications for asthma. Such a finding has led some to suggest that treatment with inhaled nasal steroids or oral antihistamines may be a marker of the quality of asthma management. 53 However, in multivariate analyses, controlling allergic rhinitis symptoms still correlated with improved asthma outcomes.
Despite the fact that intranasal steroids are the most effective agents for controlling symptoms of allergic rhinitis, second generation antihistamines are sometimes regarded as first-line therapy for this disorder. 7 In the analysis of medical claims data, second generation antihistamines were used in nearly 35% of allergic rhinitis episodes compared with 28% for inhaled nasal steroids. 15 In mice, treatment with fexofenadine prevented lower airway inflammation responses to allergen challenge, as indicated by decreased eosinophils, lymphocytes, and cytokine production. 54 In addition, although second generation antihistamines have been documented to be valuable and are indicated Allergic Rhinitis, Asthma, and Rhinosinusitis: Diseases of the Integrated Airway for managing allergic rhinitis, they have also been shown to improve pulmonary symptoms in patients with concomitant asthma. 19, 44, 46, 47, [55] [56] [57] In a study by Grant et al., 46 186 patients with allergic rhinitis and mild-to-moderate asthma were randomized to treatment with cetirizine (10 mg daily) or matching placebo for a 6-week treatment duration. Nasal and asthma symptoms were selfassessed twice daily and pulmonary function was assessed (peak flow measurement) weekly. Pseudoephedrine (30 mg every 6 hours) was allowed as rescue medication for control of nasal symptoms, and albuterol (as needed) was used to control asthma symptoms. Oral theophylline was continued for those patients who were on a stable dose prior to study entry. At the end of the 6-week treatment period, patients treated with cetirizine had a more favorable self-assessment of nasal and asthma symptoms compared with placebo-treated patients. Although there was no statistically significant difference between the 2 treatment groups on pulmonary function (i.e., peak flow measurements), patients treated with cetirizine used less albuterol compared with placebo-treated patients. These findings suggest that oral antihistamines can improve nasal and asthma symptoms but that other inflammatory pathways must be targeted to improve pulmonary function.
Corren et al. 47 evaluated the effects of loratadine (5 mg twice daily) plus pseudoephedrine (120 mg twice daily) in 184 patients with allergic rhinitis and mild asthma. Patients were instructed to use albuterol on an as-needed basis for control of asthma symptoms, but no other asthma or rhinitis medications were allowed. Patients were treated for 6 weeks, during which nasal and asthma symptoms were self-assessed daily. Pulmonary function also was assessed on a daily basis. Nasal and asthma symptom scores were significantly lower among patients treated with loratadine/pseudoephedrine compared with those receiving placebo throughout the entire 6-week study period. Pulmonary function also improved significantly in the active-treatment group, but only during weeks 2 through 6 of the study period. Albuterol was used sparingly by both treatment groups throughout the study, although there was a trend toward less albuterol use among patients treated with loratadine/pseudoephedrine.
The results of other studies evaluating the effects of oral antihistamines demonstrated that doses higher than those recommended for allergic rhinitis were required for beneficial effects on asthma symptoms. 58 Despite their potential benefits, antihistamines are not, as yet, generally prescribed for the management of asthma. Further evidence suggests that using antihistamines to treat children with atopy may reduce the subsequent onset of asthma. 59 Leukotrienes are powerful chemoattractants for eosinophils, and a recent review article gave support to the idea that leukotrienes play an important role in upper and lower airways disease. 60 In one study, leukotriene levels from nasal lavage were compared in patients with allergies to ragweed pollen and nonallergic patients. 61 Leukotriene levels in allergic patients increased in a dose-dependent manner following allergen challenge, whereas nonallergic patients did not exhibit symptoms or evidence of leukotriene release. Although leukotriene receptor antagonists provide modest improvements in allergic rhinitis symptoms, 62 the available data do not clearly address whether these agents offer additional benefit over existing agents, particularly in the absence of concomitant asthma. 63 A study by Wilson et al. 64 compared the effects of treatment with a leukotriene receptor antagonist plus an oral antihistamine with intranasal and inhaled corticosteroids for patients with allergic rhinitis and asthma. Both combination regimens improved asthma symptom scores and pulmonary function and reduced the need for rescue inhaler use compared with baseline. The findings from this study strengthen the link between allergic rhinitis and asthma (based on common mediators and inflammatory properties), but clearly demonstrate that more information is needed on how these medications achieve efficacy.
There are data that also suggest that controlling sinus mucosal inflammation in patients with rhinosinusitis appears to improve the clinical assessment of asthma symptoms. The treatment of rhinosinusitis medically or surgically improves asthma symptoms in most patients to such an extent that the amount and type of asthma medication can be reduced. 5 In cases of bacterial rhinosinusitis, antibiotic therapy may be helpful in controlling nasal mucosal inflammation. 65 Rachelefsky et al. 66 evaluated the effects of treatment with antibiotics followed by antral lavage (in some cases) in school age children with at least a 3-month history of sinusitis and active (daily) wheezing (Table 1) . Children were excluded from the study if they had a documented elevation in body temperature within the preceding 3 weeks or if they received antibiotic treatment within the preceding 4 weeks or nasal corticosteroids. Twenty-two (46%) of the children had no prior chronic respiratory symptoms, but, at the time of enrollment, all children were treated with oral bronchodilator (theophylline), 10 received cromolyn sodium, and 18 received oral corticosteroids in the preceding 12 weeks. Asthmatic medications were continued during antibiotic therapy. Following 2 to 5 weeks of antibiotic (21) therapy, nearly 80% of the children were able to discontinue bronchodilator use, and 67% had pulmonary function tests that returned to the normal range. Study participants were followed for only 3 months after the completion of antibiotic therapy, and no information is available on the duration that study participants remained symptom-free and objectively well. The results of another study suggest that antibiotic treatment may improve asthma symptoms, as evidenced by the response to bronchodilator therapy. 67 Eight patients with an acute exacerbation of asthma (despite continued bronchodilator therapy) were included in this study. All patients had radiographic evidence of sinusitis, and 5 had positive bacterial cultures from maxillary sinus aspirates. Following 14 to 28 days of antibiotic therapy, pulmonary function tests improved in 7 patients, including all those with positive bacterial cultures. Compared with baseline, there was approximately a 2-fold increase in the response to bronchodilator therapy (maximum midexpiratory flow rate and FEV1) following the completion of antibiotic therapy (Table 2) . Importantly, in this study, patients were also treated with pseudoephedrine, oxymetazoline, bronchodilators (theophylline, β-adrenergic agents), and corticosteroids (4-day course in 4 patients). The use of these other treatments makes it difficult to fully determine the effects of antibiotic therapy on pulmonary function.
Intranasal administration of corticosteroids can reduce nasal inflammation, nasal congestion, and bronchial hyperreactivity. These agents are often included in the treatment regimen for patients with rhinosinusitis. 5 The analysis of medical claims data revealed that while antimicrobial therapy is used in 82% of rhinosinusitis episodes, newer antihistamines are used in only 20% of episodes and intranasal corticosteroids in 13% of episodes. 15 Surgical treatment for sinusitis also has been reported to improve asthma symptoms 68, 69 ; however, methodologic limitations (i.e., lack of control group) complicate the interpretation and application of this finding.
ss Summary and Conclusions
Further clarifying and understanding the relationship between diseases of the upper and lower respiratory tracts is important because of the prevalence of allergic rhinitis, rhinosinusitis, and asthma; their impact on patients' lives; the resultant burden on the health care system; and the potential benefits of an integrated management approach. Recent progress in understanding the biology of airway disease has identified that systemic inflammatory responses play a critical and integrating role in these diseases, but other important questions remain, such as optimal integrated treatment approaches. Prospective, randomized, controlled studies are needed to better define the effects that treatments for allergic rhinitis have on asthma morbidity and health care costs. Cost-effectiveness analyses also may help identify the best treatment approaches that will lessen the burden to the health care system associated with these prevalent respiratory illnesses.
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